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develop a multiple-locus variable number tandem repeat analysis (MLVA) method as 23 a simple and rapid tool to investigate the molecular epidemiology of B. pilosicoli. The 24 genomic sequence of B. pilosicoli strain 95/1000 was analysed for potential tandem 25 repeats using the default parameters of the Tandem Repeat Finder program. A total of 26 22 repeat loci were identified and tested for their presence and variability on a set of 27 10 B. pilosicoli isolates. Five loci that were present in most isolates and that showed 28 evidence of allelic variation were selected and used with a collection of 119 isolates 29 from different host species and geographical locations. Not all the isolates amplified 30 at all loci, but using the available data a total of 103 VNTR profiles were generated. 31
The discriminatory power of this method was 0.976. A phylogenetic tree constructed 32 from the allelic profiles confirmed the diversity of B. pilosicoli, and the general lack 33 of clustering of strains based on species of origin or geographic origin. Some isolates 34 with known epidemiological links were found to be identical or highly similar. The 35 MLVA method was simple and easy to use, and could readily differentiate between 36 strains of B. pilosicoli. MLVA should prove to be a useful tool for rapid identification 37 of relationships between B. pilosicoli isolates in epidemiological investigations. 38
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A c c e p t e d M a n u s c r i p t 5 and a 1 % (vol/vol) ethanolic cholesterol solution (Kunkle et al., 1986) . Cells were 92 harvested from mid-log phase culture by centrifuging at 10,000 x g, and counted in a 93 haemocytometer chamber under a phase contrast microscope. For each isolate, 10ml 94 of Trypticase Soy broth containing ~10 8 cells/ml of B. pilosicoli was centrifuged at 95 5000g. The supernatant was discarded and the pellet resuspended in an equal volume 96 of phosphate buffered saline (37 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 , 1.47 97 mM KH 2 PO 4 , pH 7.4) and heat killed at 95°C for 15 min to release the DNA, before 98 being stored frozen at -20°C. The solution containing the extracted DNA was used as 99 the template for the PCR reactions. 100 101
Selection and PCR amplification of potential VNTR loci 102 103
The complete genome sequence of B. pilosicoli strain 95/1000 (Wanchananthuek 104 et al., 2010), isolated from a pig, was obtained from GenBank (accession number 105 CP002025; Project ID: 48097) and investigated for potential tandem repeats using the 106 default parameters of the Tandem Repeat Finder program (Benson, 1999) , which is 107 available as a Web service (http://tandem.bu.edu/trf/trf.html). The selected tandem-108 repeat loci were ranked by consensus length, and those between 40 and 300 base pairs 109 were used to design primers, using the flanking regions. These 22 loci were named 110 BPilo, followed by the repeat length ranking number (from 1 to 22), separated by an 111 underscore. The primer sequences are shown in Table 2 . 112 113 PCR and electrophoresis was carried out on DNA from the B. pilosicoli strains. 114 PCR was performed using 0.2μl Taq DNA polymerase, 5μl of 10x PCR buffers, 3μl 115 of 25mM MgCl 2 , 5μl of 8mM dNTP, 5μl of the forward and reverse primers, 12μl ofA c c e p t e d M a n u s c r i p t 6 cresol red solution and 2μl of template, with the reaction mix topped up with PCR-117 grade water to a final 50μl volume. The PCR conditions were 95°C for 2 min, 118 followed by 33 cycles at 95°C for 30 s, 50°C for 15 s, 72°C for 1 min for every 1kbp 119 of product, and a final extension period of 5 min at 72°C before holding at 14°C. The 120 products were visualized using gel electrophoresis and staining by immersion in 1% 121 ethidium bromide for 30 min. A molecular mass marker (1Kbp Ladder; Axygen 122
Biosciences, California, USA) was placed in a well at each end of the gel. Images of 123 the gel were captured using a Biorad Chem Doc XRS Universal Hood and were used 124 for analysis. On the gel image, lines were drawn from bands of the ladder on one side 125 of the gel, connecting the bands of the same size on the ladder at the other end. PCRs were carried out on DNA from all 119 isolates and strains, sequentially 148 using the five selected primer pairs for the loci indicated in Table 3 . The process was 149 repeated using the same samples to assess the reproducibility of the procedure. 150
151
The number of tandem repeats was calculated using the estimated size of the 152 resultant band divided by the size of the repeat. Alleles with the same number of 153 tandem repeats were grouped together and assigned an allelic number according to 154 their size, with the larger ones first. Those isolates that consistently produced a 155 negative result with a particular primer pair were assigned the number 99 for the 156 purpose of typing. The allelic number was entered into the START2 program and a 157 rooted phylogenetic tree with 1000 bootstrap replicates was generated from the data 158 matrix using the "Neighbour-Joining" (NJ) with the "Maximum likelihood" model 159 (Jolley et al., 2001 ). Two of the 119 isolates that did not amplify at any of the five loci 160 used were not included in the tree. A separate tree was generated for 20 isolates where 161 all five alleles were amplifiable. 162
163
The discriminatory power (D) of the MLVA method was calculated as previously 164 described (Grundmann et al., 2001) . D is the average probability that the typing with most of these isolates and loci, and which produced variations between the 177 amplicons that allowed differentiation between them. The remaining 17 primer pairs 178 either did not produce product or/and identified little or no allelic variation. Use of the 179 alternate primers listed in Supplementary Table 2 gave the same results, so these were 180 not used further. The five repeats that were selected for use in MLVA were located 181 across about two thirds of the genome of strain 95/1000. Sequencing of the products 182 confirmed that the length polymorphism was due to differences in copy number of 183 tandem repeats, and their characteristics as assessed using 95/1000 as the template are 184 shown in Table 3 . 185 186 A summary of the alleles carried by the 119 isolates at the five loci is presented in 187 Table 4 . The number of alleles varied from four for BPilo_14 to nine for BPilo_9. The 188 number of isolates in which a locus did not amplify varied from 16 for BPilo_14 189 A c c e p t e d M a n u s c r i p t 9 amplify at any of the five loci. Nevertheless, by including null alleles ("99"), a total of 191 103 VNTR profiles (VTs) were generated (Supplementary Table 2 Overall the discriminatory power of this method using the five loci was 0.976. 195
196
The NJ tree generated using the allelic profile from the MLVA sequencing for 117 197
isolates is shown as Figure 1 , and the identity of the isolates is shown in Table 1 Table  206 1; eg the two isolates with VNTR profile 63). On the other hand, there were examples 207 where isolates from different regions and species of origin had identical VNTR 208 profiles; for example VNTR profile 26 was shared by an isolate from a UK pig, an 209 isolate from a human from Australia, and two isolates from humans in Italy; profile 210 37 was shared by an isolate from a US pig and one from an Australian chicken; 211 it would be difficult to be confident that the bands produced originated from the 267 specific VNTR locus. To get a more accurate prediction of the size of the VNTRs, 268 capillary electrophoresis could be used, or the amplicons could be sequenced, as 269 described in the MLVA study of B. hyodysenteriae (Hidalgo et al., 2010) . This would 270 be especially appropriate for the VNTRs that had a small repeat size (Bpilo_8 and 271 Bpilo_16); however, to do this the MLVA method would require more sophisticated 272 equipment, be more expensive to run and would have a longer turnover time, and this 273 would defeat the aim of developing MLVA as a rapid and simple method for typing 274
B. pilosicoli isolates in epidemiological studies. 275

Conflict of interest 277
There are no conflicts of interest. 278 M a n u s c r i p t A c c e p t e d M a n u s c r i p t Table 1 Names of the 119 isolates, the host species from which they were isolated, location where they were isolated, their position in Figure 1 and M a n u s c r i p t A c c e p t e d M a n u s c r i p t Figure 1 
